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Introduction
Since the early 1990s, earnings inequality in Germany has been rising. Most notably, real wages of workers in the lower part of the distribution have stagnated or decreased. Key reasons for these developments include globalization and skill-biased technological change, de-unionization, and deregulation of the German labor market. 1 In response, on January 1, 2015, German policy makers enacted a statutory gross minimum wage of e8.50 per hour. It was a major intervention into the labor market, given the very limited legal exemptions and considerable "bite" of the reform: in the year before its implementation, around 10 to 14 percent of eligible employees earned less than e8.50 per hour. 2
Prior to the minimum wage reform's implementation, experts in Germany fiercely debated its potential effects. While supporters stressed positive distributional effects and fairness, opponents warned of the reform's economic costs. Their argument was that the reform would reduce Germany's international competitiveness, destroying jobs in the low-wage segment in particular.
For example, Knabe et al. (2014) estimated a loss of about 340,000 full-time equivalent jobs in the long run. However, the short-term empirical evidence does not support such negative predictions. Using administrative data on regional employment and firm data, Garloff (2016) , Bossler and Gerner (2016) , and Caliendo et al. (2017) find no or only small negative short-run employment effects. Rather, there is evidence that the reform led to the phenomenon of "mini-jobs" 3 being transformed into regular employment.
Previous research offers several possible explanations for the absence of negative employment effects (Card, 1992a; Card and Krueger, 1992; Dube et al., 2010) . First, labor markets are better described by monopsonistic than by perfect competition. Under monopsonistic competition, it is unclear what employment effects a minimum wage will have (see Manning, 2003) . Second, legal and intra-firm administrative hurdles may delay layoffs, meaning that the negative employment effects will be larger in the medium and long term (see, e.g., reports providing evidence to this effect from the US, Neumark et al., 2004) . Third, employers might ignore new minimum wage regulations and might not adapt wages accordingly. Noncompliance may thus prevent the minimum wage from exerting its full impact on labor costs and thus on employment (Brown, 1999; Metcalf, 2008; Mindestlohnkommission, 2016a) .
In the present paper, we provide the first in-depth analysis of the reform's distributional effects on wages, earnings, and working hours. Thus, it complements existing evidence on the employment effects of the minimum wage reform by analyzing the reform's primary effects. Our analysis is based on data from the German Socio-Economic Panel (SOEP). The hourly wage is the focal point of the reform, and with the SOEP, we can distinguish two wage concepts:
an hourly wage based on contractual working hours and an hourly wage based on actual hours worked. The contractual wage is set out in black and white in employment contracts, while the actual wage reflects the effective workload of the employed person -a common blind spot in administrative data. Our analysis of working hours sheds light on another potential adjustment mechanism to the reform in addition to layoffs. Finally, with the analysis of monthly earnings, we examine whether the reform has succeeded in improving the earnings situation of low-wage employees, one of its stated aims.
Methodologically, our analysis uses descriptive tools borrowed from the literature on economic inequalities and poverty, as well as a difference-in-differences regression framework (DiD) with continuous treatment (Card, 1992b; Caliendo et al., 2017) . Descriptively, we provide graphical representations of hourly wage distributions before and after the reform, and we also assess wage inequalities among low-wage employees and quantify their wages relative to the minimum wage. The DiD framework builds on regional variation in treatment intensity, measured by the share of eligible employees in a region paid below the minimum wage in a pre-reform period.
While the statutory minimum wage is fixed at the level of e8.50 in all German regions, the wage structure exhibits significant regional differences. Prior to the reform, the regional shares of employed people earning less than e8.50 per hour by contract varied considerably. According to our data for 2013, for instance, the bite ranges from 5.2 to 39.4 percent across Germany's Raumordnungsregionen (ROR, or planning regions), and is 15.6 percent on average.
The results of our analyses can be summarized as follows. The descriptive evidence indicates a positive effect of the reform on hourly wages. In the post-reform period, both actual and contractual wages in the bottom wage segment increased at an above-average rate. At the same time, a considerable share of eligible employees, about seven percent, earned less than the minimum wage, but the average gap between their wages and the minimum wage threshold of e8.50 became smaller. With respect to monthly earnings, our data show that the increase in hourly wages in the bottom wage segment does not translate into higher monthly earnings. This is because the wage increase at the bottom is accompanied by an almost proportionate reduction in the hours worked. The DiD analysis confirms the reform's positive effect on wages at the bottom of the hourly wage distribution, the negative effect on working hours, and the non-existent effect on earnings. One potential explanation for the small short-term employment effects is noncompliance. In the short term, the minimum wage reform increased labor costs less than expected, putting less pressure on firms to lay off employees.
The paper proceeds as follows. Section 2 gives an overview of the institutional details of the reform. Section 3 reviews the literature on distributional effects of minimum wages. Section 4 introduces the data used in the empirical analyses. Section 5 provides results of the descriptive before-after analysis for gross hourly wages, monthly earnings, and hours worked. Section 6 introduces the identification strategy, discusses its validity, and provides results for hourly wages, monthly earnings, and hours worked. In Section 7, we provide various sensitivity tests. Section 8 concludes.
Institutional background
On January 1, 2015, a general statutory minimum wage of e8.50 per hour became effective in Germany. It is codified in the Minimum Wage Law. 4 Before its introduction, there were only sector-specific wage floors set by collective agreements. Sector-specific minimum wages had been introduced over the last two decades in several sectors including construction and roofing (in 1997), hairdressing (in 2013) and security services (in 2011). 5 In the following, we focus on the regulations pertaining to the statutory minimum wage.
With the introduction of the Minimum Wage Law, the German Minimum Wage Commission also recommended future adjustments of the minimum wage level. In light of the negligible employment effects in the first year after the reform, the minimum wage was raised by e0.34 per hour effective January 1, 2017 (see Mindestlohnkommission, 2016b ).
Coverage and level. As of January 2015, almost all employees in Germany were eligible for the statutory gross minimum wage of e8.50. During a transitional period ending in January 2017, 4 MiLoG, https://www.gesetze-im-internet.de/milog/, last accessed on December 14, 2017. 5 Most sector-specific minimum wages are higher than the statutory minimum wage and were increased after the minimum wage reform (Amlinger et al., 2016) . An overview of sector-specific minimum wages is given in Schröder (2014) , while König and Möller (2009), Frings (2013) , and vom Berge et al. (2013) investigate their economic effects.
exemptions applied to some sectors with pre-existing sector-specific minimum wages. Permanent exemptions apply to minors (persons below the age of 18) and trainees and interns (e.g., students or apprentices completing required or elective internships of up to three months). Unemployed people who have been registered as such for at least 12 months may be employed below e8.50 for up to six months. However, vom Berge et al. (2016) show that this exemption is rarely used. Yet the exception for trainees and minors reduces the number of eligible individuals substantially. In 2014, about 5.5 million employees earned less than e8.50 per hour, and four million of them (72 percent) were eligible for the minimum wage (Destatis, 2016) . Within this number, three groups of employed people are over-represented: East German residents, "mini-jobbers", and women.
While the first group results from the continuing structural differences between East and West Germany, as evident in different price levels, the third group results from the gender wage gap and the higher proportion of part-time work. The second group, employees in "mini-jobs", are not subject to paying social security contributions. In many cases, their gross income is therefore equal to their net income, meaning that their wages are not entirely comparable with regular wages.
Enforcement. The German Customs Administration is responsible for conducting inspections of employer firms and enforcing compliance with social security laws and the Minimum Wage Law. If it finds noncompliance, prosecutors may impose fines up to e500,000. According to a report to German Parliament, 6 the Customs Administration conducted 63,014 inspections of firms in 2014 and 43,637 inspections in 2015, implying a 30 percent reduction in inspections in the post-reform year. According to another report to German Parliament, 705 legal proceedings were initiated in 2015 and the total sum of resulting fines was around e194,000 (see Deutscher Bundestag, 2016b, p. 10) . Thus, legal proceedings were initiated in 1.6 out of 100 inspections, and the average fine was about e275.
Distributional effects of minimum wages
The literature on minimum wage reforms to date has focused primarily on two economic outcomes: wage inequality and employment. The challenge these studies face lies in identifying the impacts of the given reform. To do so, they rely on three main sources of variation in treatment intensity: variation over time, economic sectors, and regions. In the following, we explain the 6 See Deutscher Bundestag (2016a) . main ideas behind these identification strategies and their applicability to the German case. We then give an overview of key findings on the relationship between minimum wages and the wage distribution that can be drawn from the literature.
Identification using variation in treatment intensity over time. One strand of the literature has studied wage inequality by exploiting inter-temporal variation in minimum wages, be it because the minimum wage is adjusted over time or because a minimum wage has been newly introduced. Such an application for the United Kingdom can be found in Dickens and Manning (2004a,b) . The authors rely on inter-temporal changes in minimum wages and find that the introduction of minimum wages in 1999 diminished wage inequality. Other applications include Amlinger et al. (2016) and Mindestlohnkommission (2016a) for Germany, which compare wage growth before and after the German minimum wage reform. Their findings show that lowwage groups such as unskilled workers, women, part-time employees in small firms, and employees in East Germany experienced the strongest wage growth after the implementation of the reform.
Since multiple factors besides the minimum wage may affect the wage distribution, the observed changes are not directly attributable to minimum wage reforms and cannot be assumed to be causal.
Identification using variation of treatment by economic sectors. Another strand of the literature has exploited variation in the level of minimum wages across economic sectors and over time. This approach has been used extensively to evaluate German sector-specific minimum wages (Fitzenberger and Doerr, 2016) . In a study on the construction sector, König and Möller (2009) compared wages below and above the minimum wage threshold and reported a positive redistributional effect of the minimum wage. A study by Frings (2013) evaluated the effect of minimum wages on painters and electricians, using the transport and communication industry and the wholesale and retail sectors as control groups. The main challenge of this identification strategy lies in the choice of the control group -either within the same sector, or from other sectors. The control group should be highly comparable to the treatment group and should also not be exposed to spillover effects within and between sectors.
Identification using variation over regions. Inter-regional variation of minimum wages arises due to legislative differences in minimum wage settings and/or variation in wage structures causing differences in the regional "bite" of the minimum wage. The seminal paper on the subject was written by Card and Krueger (1992) , who investigated the implications of differences in minimum wage levels. Card (1992b) and Dube et al. (2010) followed up on this in a paper exploiting the regional variation across all US states. The approach was applied to wage inequality in a paper by Lee (1999) , who found that regions with a higher minimum wage bite exhibit a higher decline in inequality at the bottom of the wage distribution. For the United Kingdom, Dolton et al. (2012) exploited the variation in the bite of the national minimum wage across local labor markets and time, and found that an increased bite is associated with lower inequality at the bottom of the wage distribution.
Main empirical facts The general message of the empirical literature is that minimum wages mitigate wage inequalities. However, studies vary with respect to the magnitude of this effect (see Lee, 1999; Teulings, 2003; DiNardo et al., 1996; Autor et al., 2016) . Several studies have also investigated spillover effects to higher-wage segments, but come to divergent conclusions (Autor et al., 2016; Dickens and Manning, 2004a; Stewart, 2012) . However, Autor et al. (2016) mentions that the nature of spillovers is not fully understood and might be at least partly attributed to errors in measuring wages in survey data.
There are also a number of studies in the literature on factors that prevent minimum wages from exerting their full impact. One such factor is noncompliance (Brown, 1999; Metcalf, 2008; Mindestlohnkommission, 2016a) , i.e., observed wages below the minimum wage threshold for the eligible population. Other studies warn that general equilibrium effects, such as reductions in employment or working hours, may balance out the inequality-reducing effect of minimum wage reforms (Neumark et al., 2004) , particularly in the long run. The long-run effects also hinge on the how minimum wages affect schooling (Neumark and Wascher, 1995) and on-the-job training (Neumark and Wascher, 2001) .
Data
In the subsequent empirical analysis, we investigate hourly wages, workings hours, and monthly earnings before and after the introduction of the minimum wage reform. Our analysis relies on data from the German Socio-Economic Panel (SOEP), an ongoing representative longitudinal panel survey with about 30,000 survey participants in 15,000 households per year (see Wagner et al., 2007) . We use SOEP version 32.1 and consider individual-level data from 2012 to (see SOEP v32, 2016 . The majority of the SOEP data are gathered between February and June, implying that our results describe short-term effects in the first half year after the reform's implementation. In the following, we describe the core variables and the composition of our working sample.
Core variables for the empirical analysis
The SOEP does not include a question asking respondents to state their hourly wages, but does allow for computation of hourly wages as the ratio of gross monthly earnings and weekly working hours adjusted by average weeks per month. 7 Hours are stated in the SOEP as actual and contractual weekly working hours. While the latter are the number of hours determined in the employment contract, actual hours include overtime worked. Hourly wages can therefore be constructed with either measure of working hours, producing two different wage concepts: actual and contractual hourly wages. Both wage concepts have advantages. From a legal perspective, minimum wage regulations are binding for any number of working hours, including overtime.
Actual wages are thus the policy target and the center of interest, but also the blind spot of administrative data. However, gross monthly income is surveyed for the previous month only, whereas working hours are surveyed for the current point in time. Therefore, a specific monthly income does not necessarily relate to the working hours and overtime associated with it. Yet overtime is relatively time-variant, which means calculating current overtime based on the previous month's income may cause measurement issues. Both definitions are therefore used parallel to achieve a full picture.
Having hourly wages, hours worked, and earnings in addition to detailed socio-demographic information is a key advantage of the SOEP data. Administrative data usually cannot provide the same density of information on a regular basis, especially with respect to unpaid overtime.
Survey data are, however, prone to imprecision. Item non-response or rounded answers (e.g., "humping") may bias hourly wage computations. In Section 7, we discuss potential sources of imprecise measurement.
Working sample
In our analysis, we focus on those employees in Germany who are eligible for the minimum wage.
Hence, we exclude individuals belonging to the groups and sectors that are exempted from the reform. 8 In order to prevent outliers in hourly wages from biasing our results, we winsorize the data by setting the top and bottom one percent of hourly wages to the value of the first and 99th percentiles, respectively. By limiting the restrictions on the SOEP to a minimum, we aim to preserve the representative character of the data.
The DiD analysis relies on the wage distributions of Germany's planning regions to infer the region-specific treatment intensity. Germany is subdivided into 96 planning regions. The treatment intensity is derived from the region-specific wage distributions according to the SOEP.
In some planning regions, sample sizes are relatively small, calling the precision of the derived treatment intensity into question. We decided to discard regions with fewer than 30 observations in order to guarantee valid descriptions of the included regional wage distributions while not losing too many regions. This leaves us with 92 regions for the DiD analysis. These restrictions determine the first working sample, Sample 1.
In parts of the analysis, we also make use of the longitudinal character of the SOEP to analyze individual changes in wages, earnings, and hours. For this, we further restrict Sample 1 to those individuals with consecutive wage information. The resulting sample in the following Sample 2 includes all individuals from Sample 1 who also reported an eligible status and wage information in the previous year. In addition, several pieces of information on socio-economic background must be available in order to control for selection processes in the regression model. This includes information about gender, age, German citizenship, presence of children in the household below the age of 16, and marital status. By construction, as Sample 2 conditions on employment, analyses using this sample say nothing about the reform's effects on those who entered or left the labor force between 2014 and 2015. However, the short-term effects of the reform on employment are shown to be minor and thus negligible for our analysis (Mindestlohnkommission, 2016a; Bossler and Gerner, 2016; Caliendo et al., 2017) .
Since the legislative process started in late 2013, anticipatory effects may have affected wages before January 1, 2015. Hence, the analysis will include samples from the years 2013 to 2015.
Overall, 35,326 observations are available in Sample 1 for 2013, 2014, and 2015. Due to item-nonresponse, panel attrition, and changes in employment status, the additional restrictions on the longitudinal analysis reduce the number of observations to 18,098. Table 1 presents the losses in observations for each imposed restriction and the resulting sample sizes of our working samples.
Section 7 provides a robustness check of our main results in order to show that additional restrictions imposed in Sample 2 do not harm the representativeness of our data.
<< Table 1 Table 1 wage. Measurement error in our data may explain part of this result, an issue we will return to in a sensitivity analysis in Section 7. Another interpretation is that employers do not remunerate all their employees in accordance with the law. This interpretation is supported by the first report of the German Minimum Wage Commission. The Commission has access to the 2015 Earnings Survey (Verdiensterhebung), a firm-level survey, and estimates that noncompliance affects about 2.7 percent of employees (Mindestlohnkommission, 2016a, p. 50 ). This number is substantially lower than our estimates. Notice, however, that the Earnings Survey does not claim to be representative, as firms' participation was voluntary, with relatively low response rates and systematic unit-non-response (Destatis, 2015, pp. 25 and 60) . percent of all part-timers were paid below the minimum wage. In 2015, this share was about 6 percent.
Decomposing the low-wage segment: The Sen index of gross hourly wages
To shed more light on those individuals still earning less than the minimum wage after the reform, we focus in the following on various distributional characteristics of the low-wage segment. For this purpose, we make use of the concept of the Sen index. This index is usually applied in poverty analysis to examine the incidence and intensity of poverty in a coherent framework.
The poor are defined as the population falling below a particular income threshold, the poverty line. For our purposes, we derive the Sen index from contractual and actual gross hourly wage distributions and use the minimum wage of e8.50 as a substitute for the poverty line.
The Sen index is defined as, P Sen = H × G z + P × (1 − G z ), and builds on three subcomponents. The head-count ratio H is defined as the fraction of the population, i = 1, . . . , N , with wages, w i , below the threshold z = 8.50. The Gini coefficient, G z , describes the statistical dispersion among the population below the minimum wage threshold. The higher G z , the higher the inequality. P is the poverty gap, which represents the average relative distance to z, P = 1 N q j=1 z−w j z , with j = 1, . . . , q denoting the individuals with w j < z. In our context, P can be referred to as minimum wage gap. Because of its three different components, the Sen index allows decomposition into three potential sources of distributional changes: a reduction in the number of those affected, an overall shift towards the minimum wage threshold, or an equalization of wages. Under full compliance and in the absence of measurement error, the Sen index should be zero. Contrarily, the index can increase up to 1 if H and G z get closer to 1. For the contractual hourly wage, the Sen index is approximately constant for the two prereform years at about 2.6 percent. The same holds for the head-count ratio (about 9 percent), the Gini coefficient for wages below the threshold (about 10 percent), and the minimum wage gap (about 1.8 percent). After the reform, the Sen index decreases to about 1.9 percent. The main driver of the decrease is the drop in the head count ratio. While about 9 percent earned less than e8.50 in 2014, this fraction was about seven percent in 2015. The Gini coefficient did not improve, potentially suggesting existence of low-wage segments not reached by the reform. The minimum wage gap decreased from about 1.9 percent in 2014 to 1.3 percent in 2015, suggesting an improvement in hourly wages, also among those whose wages were still below the minimum wage.
In accordance with the previous graphical analysis, the Sen index and its components are higher in levels for actual hourly wages. However, the inter-temporal comparison yields the same conclusions. After the reform, the Sen index decreased considerably. The main driver of the reduction was a lower head count and, to a lesser extent, the minimum wage gap, whereas the Gini coefficient for wages below the minimum wage did not improve.
As for Pen's Parades, we also provide estimates for the sub-groups of full-time, part-time, and marginally employed people. Because the results are very similar for both wage concepts, we restrict our attention to contractual hourly wages. Summaries are compiled in Table A 
Composition of population with wages below e8.50
Pen's Parades and the Sen index have provided evidence of a substantial share of workers earning below e8.50 before the minimum wage reform as well as after its introduction. We also have
shown that the incidence of such low wages is more likely to be observed among part-time workers and especially among mini-job workers. Table 3 There are several groups that are overrepresented in the low-wage segment of interest. In 2013, East German residents, women, migrants, singles and low-educated workers had a higher likelihood of being paid below e8.50 per hour (this is in line with statistics reported by, e.g., Brautzsch and Schultz, 2013; Brenke, 2014) . The socio-demographic characteristics of age and children in the household do not indicate any differences between those earning less than or more than e8.50 per hour. In the following years, the share of low-educated workers, singles and
German citizens remained relatively stable in the group of low-paid workers. In contrast, the share of East German residents decreased and the share of women increased from 2013 onwards.
From this descriptive perspective, a specific effect of the minimum wage reform in 2015 on the composition of the low-wage segment cannot be observed.
As differences by gender and region are most prevalent, the Sen index is applied to these groups separately (see Tables A.2 and A.3 in the Appendix A). The Sen index for men is more than two times lower than for women, both before and after the implementation of the minimum wage reform. This difference is due mainly to the head count and the minimum wage gap. Hence, women are not only more often paid below e8.50 per hour, but also have a higher average distance to the threshold. This has not changed since the minimum wage reform. In 2015, the Sen index was twice as high for women as for men (1.3 and 2.5 percent, respectively). Germany, the Sen index and its components are substantially higher than in West Germany, mainly due to the head count and the minimum wage gap. However, both absolute and relative adjustments of the head count and the minimum wage gap are higher in East Germany than in West Germany, resulting in a less than one-point difference in the Sen index after the reform's implementation. This evidence demonstrates that, after the reform was implemented, there was more wage adjustment between regions than between genders.
Changes in monthly earnings
The main policy target of the minimum wage reform was to improve the monthly earnings of low-wage workers. 10 Whether the observed increase of hourly wages at the bottom translates into higher monthly gross earnings, however, is an open question. If labor demand declines due to increased labor costs on the intensive margin, a rise in hourly wages will not translate proportionately into higher monthly earnings.
We first study the distribution of gross monthly earnings by means of Pen's Parades to visualize the changes after the introduction of the minimum wage. Thus, although we observe some growth at the bottom of this distribution, it is not directly attributable to the minimum wage reform. When plotted in the percentiles of contractual or actual hourly wages, changes in monthly earnings do not show any systematic pattern. In particular, they do not indicate an increase in monthly earnings at the low end of the hourly wage distribution. 11
6 Difference-in-differences analysis
General framework
Because the statutory minimum wage in Germany is uniform in all regions and for basically all employees, identifying the reform's effect on wages is not straightforward. In the following, we apply the identification strategy suggested by Card (1992b) . To estimate the causal effect of minimum wages on employment, he proposes using regional differences in relative treatment intensity. In Germany, the minimum wage is uniform across all regions but hourly wage distributions are relatively different across regions. This gives rise to variation in the bite (treatment intensity) of the reform, measured by the regional shares of employees paid below the minimum wage in the years prior to the reform. For the reform to be effective, we should find that it has a larger effect on regional wages in higher-treated regions. However, low productivity and profitability of the resident firms in highly treated regions may weaken this effect.
One threat to the region-based identification is the spatial dependency of regions, which creates a bias in the regional effects of the minimum wage reform. However, Dolton et al. (2015) show that controlling for region-specific gross domestic product or gross value added removes the main estimation bias. The resulting estimates should therefore not differ systematically from estimates based on specifications that control for spatial dependency of regions. Another threat is that the regional bite is correlated with regional economic performance. For example, if the 11 Corresponding figures are available upon request.
reform's bite in economically weak regions is high, these regions should exhibit the highest wage adjustment. Therefore, as mentioned by Dube et al. (2010) and Dolton et al. (2015) , the underlying regression equation should include controls for economic performance, such as , e.g., lagged region-specific GDP per capita.
Following this rationale, our basic regression equation takes the form, log(w
The dependent variable is the log of hourly gross wages of type k = {contractual, actual} of Additionally, the model includes a set of explanatory variables, X irt , encompassing gender, age, marital status, German citizenship, presence of children aged below 16 in the household, as well as two-period lagged regional GDP per capita (inclusion of pre-reform controls for regional economic condition is suggested by Dube et al., 2010; Dolton et al., 2015) . Finally, i,r,t represents the error term.
Based on Equation (1), we estimate a pooled OLS regression and an individual fixed-effect model for Sample 2. In the OLS model, the coefficient δ is interpreted as wage growth in 2015 in regions with average treatment intensity. In the FE model, the same coefficient refers to average individual wage growth, as this model controls for time-invariant individual characteristics (e.g., motivation, ability, or bargaining power).
Using both methods, we first estimate the average treatment effect at the mean of the regional wage distributions. Additionally, we estimate Equation (1) separately by quintiles of the regional wage distributions, with individuals being assigned to their position in the (unweighted) regional distribution in 2013. 12 The upper panel of Table A .4 in the Appendix A summarizes the number of observations and mean wages by quintiles. By construction, the number of observations is evenly distributed between the quintiles. Furthermore, we also use the framework described in Equation (1) to study the treatment effects on log monthly earnings and log hours worked as dependent variables.
The regional treatment intensity is defined as the eligible share of employees paid less than the minimum wage prior to the reform (in 2013). These shares are derived from the SOEP.
As explained above, we assign the employed to 96 "planning regions" (Raumordnungregionen (ROR), see BBSR, 2016), a concept that is frequently used in the regional analysis of infrastructure, economic situations, and investments (e.g., see Funke and Niebuhr, 2005) . 13 On average, we rely on 65 individuals per region and year. As bite indicator, we use the weighted share of the eligible employed with contractual hourly wages below the minimum wage threshold. We use contractual hours here because these are less prone to measurement error cpmpared to actual hourly wages. As can be seen from Figure <<Figure 3 about here>>
Parallel trends assumption
To identify the reform's effects, it is crucial that the parallel trend assumption holds for the treatment and control groups. In the following, we provide a visual representation of parallel trends of the mean and percentiles of the unconditional distribution of contractual gross hourly wages. While treatment intensity is a continuous variable, we conduct a graphical inspection by distinguishing regions with "low," "medium," and "high" treatment intensity following Card (1992b). The three types of regions are distinguished by sorting regions by increasing order of bite in 2013, and then splitting the sorted regions into thirds.
The Figure 4a provides means of contractual gross hourly wages for the three types of regions for the 2012 to 2015 period. The visual indications for the pre-reform period support the parallel trends assumption within the 95-percent confidence intervals: while mean wages across "low,"
"medium," and "high" treatment regions differ by definition, the slopes of the time trends for the 13 For our regional assignment of the employed, we use the SOEP variable region of residence.
three types of regions are basically the same. The graph also suggests no reform-induced changes in average wage growth. Figure 4b plots the time trends for the three bottom wage quintiles.
In general, wages grow in all regions and all three quintiles. The only exception is the bottom quintile in the period 2012 to 2013 in highly treated regions, where we find stagnating wages.
Between 2014 and 2015, the lowest quintile in highly treated regions exhibits above-average growth. This can be seen as an indication of the effectiveness of the reform. However, the figures presented rely on the division into three groups by treatment intensity and show the evolution of unconditional hourly wages. Therefore, they only roughly reflect the identification strategy. In Section 6.5 we show that the parallel trend assumption holds in a conditional placebo estimation that reproduces the actual identification design.
<<Figure 4 about here>> Table 4 provides the coefficients of the treatment effect, δ, from the above-introduced regression Equation (1). 14 The left column contains the OLS estimates and the right column the fixed-effects regression estimates. The baseline estimation, in short "base", uses the full sample, but does not include any additional controls (X irt ). The estimation called "base + socio-demographics" includes these individual and regional characteristics. In a further step, we focus on individuals in specific quintiles, i.e., Q1 to Q5. Here, the estimations are summarized as "base by quintiles"
Effect on hourly wages
and "base + socio-demographics by quintiles". 
Effect on monthly earnings and hours worked
The above DiD framework also allows for estimating the effect of the minimum wage reform on monthly earnings and hours worked. In the following, we re-estimate Equation (1), replacing the left-hand variable by the logarithm of monthly gross earnings, log contractual hours worked, and log actual hours worked. In the following, we focus on our preferred models -the OLS and fixed effects models -using the full set of controls. Table 5 summarizes the DiD results. i.e., contractual working hours plus any paid or unpaid overtime, we find a negative effect of 4.8 percent for the first quintile in the OLS and a reduction of 3.1 percent in the FE.
The above evidence suggests that the increase in hourly wages after the minimum wage reform was accompanied by a reduction in hours worked. This reduction is more pronounced 15 We also ran the estimation with the treatment intensity defined by the actual hourly wage and obtained qualitatively similar results. They are available from the authors upon request.
for contractual hours than for actual hours worked, and is driven by selection on time-invariant individual characteristics. In sum, the increase in hourly wages and the decrease in working hours leave monthly earnings unchanged. One plausible explanation for the negative treatment effect is that employers reduce hours worked in an attempt to diminish labor costs at the intensive margin. Another explanation is that employees lower their labor supply themselves in response to the reform in order to not exceed earnings limits that secure access to particular social security or tax advantages.
Placebo regressions
This section addresses the validity of the common trend assumption for contractual hourly wages, monthly earnings, and working hours (contractual and actual). The graphical representations in 
with y irt denoting one of the four aforementioned dependent variables and t ∈ (2013, 2014) .
In sum, the placebo estimations (see Table 6 ) give evidence supporting the parallel trend assumption, and lend credibility to our identification strategy. For the OLS, we find a downward adjustment of hourly wages in the first quintile. For the FE this is not the case. For monthly earnings and hours worked, we do not find any significant changes in the first quintile. In the upper quintiles, some of the placebo estimations exhibit significant coefficients. However, their appearance is not systematic with respect to the estimation model (OLS and FE) . 16 The results suggest that if anticipation of the reform took place, it was directed towards a reduction in wages and earnings. Therefore, our results for 2014 and 2015 tend to overestimate the effect on hourly wages and monthly earnings in the OLS.
Robustness checks
Due to its panel character and its manifold information on socio-demographics and job characteristics, the SOEP has several advantages in comparison with other datasets. But, as participants answer questions by themselves, data on working hours or monthly earnings might be rounded or even missing, implying measurement or selection issues. In order to evaluate whether such concerns affect our results, the following Section will discuss data limitations of the SOEP.
Measurement error In survey data, reported earnings and working hours are susceptible to systematic errors in answers. Potentially resulting measurement errors are particularly problematic if respondents systematically under-report their earnings and over-report their working hours. In this case, we will underestimate hourly wages and overestimate noncompliance.
We cannot directly estimate the extent of measurement error. However, we can make assumptions about the magnitude of the bias and how it affects the extent of measured noncompliance and inequality at the bottom of the wage distribution. In particular, we compute the Sen index and its sub-components under the assumption that the minimum wage is five or ten percent lower than the official threshold of e8.50.
The results are summarized in Table 7 for both hourly wage concepts. Lowering the minimum wage threshold lowers all three components of the Sen index. In particular, it lowers the head count, which measures (in absence of any measurement errors) noncompliance. For example, for the contractual hourly wage, the head count for the year 2015 drops from 6.8 percent 17
to 5.4 percent if the minimum wage threshold is lowered by five percent, and to 4.5 percent if lowered by ten percent. This level effect, however, does not alter our conclusion about the relatively small distributional effect of the reform or the observation of high noncompliance: For all assumed thresholds, the Sen index and all its subcomponents fall after the minimum wage reform, but not to the intended degree.
<<Table 7 about here>> 17 As reported in Table 2 .
This measurement issue could also affect our estimation from the previous Section, but a regionally equiproportionate bias is innocuous for the results. If the error is randomly distributed, variation increases, which solely diminishes the standard deviation of the coefficients. Only if the measurement error is correlated with the treatment intensity is a non-systematic bias problematic. However, we do not see any way to test whether this is the case with the data available. In the following, we investigate how including imputed values alters the results for the variable of interest, contractual hourly wages. We redo the calculations of the Sen index for Sample 1 and the estimation of the treatment effects for Sample 2 integrating the previously discarded imputed wages. Table 8 summarizes the Sen for the original Sample 1 and the new working sample with imputed wages. Compared to Sample 1, the new sample leads to an increase in the Sen index.
Wage outliers and item non-response
The Gini coefficient for the observations with wages below the minimum wage is most responsive.
It increases even more in the post-reform period, suggesting that the reform did not have the desired positive effect at the bottom of the wage distribution. For the head count, the minimum wage gap, and the Sen index, however, we still observe the aforementioned positive influence of the reform. 19 <<Table 8 about here>>
Next we redo the DiD estimations for hourly wages based on the new samples with imputed wages. Table 9 summarizes the results. While there are some minor differences in the size of the coefficients compared to the results of the main analysis, the table reconfirms our previous evidence: The reform has no or only a small effect on the mean wage; it has strong positive effects in the first quintile, and no pronounced effects in the second to fifth quintile.
<<Table 9 about here>> Sample representativeness As presented in Table 1 , the number of observations in our working Sample 2 is substantially lower than in Sample 1, mainly due to the restriction on the consecutive biannual wage information that is required to estimate regression equation 1 with individual fixed effects. For the sake of comparison, our main results both for the OLS and FE models based on same respondents (Sample 2). However, the OLS results are technically possible to obtain using the bigger Sample 1. Table 10 compares the OLS coefficients based on Sample 2 (left panel) and Sample 1 (right panel). The results are robust to the change in the working sample. For contractual hourly wages, we find disproportionate wage growth in the first quintile in both samples. In Sample 1, we additionally find a small negative effect in the third quintile, indicating compression of the wage distribution.
<<Table 10 about here>>
Alternative bite measure The analysis presented here relies on a bite measure constructed from the SOEP data. In some regions, numbers of observations in SOEP are small, calling the validity of the derived bite into question. This is a threat to our identification strategy, particularly if the measurement error is systematic. For this reason, we re-ran our analysis using a bite constructed from administrative large-scale data, the Structure of Earnings Survey (SES). 20 Unfortunately, the data are available only for 2014, but not for our preferred period, 2013, meaning that anticipatory effects may already have taken effect on the bite. However, in a companion paper (Caliendo et al., 2017) we show that there were no anticipation effects on wages. Table 11 replicates the main analyses for hourly wages, except that instead of the SOEP-based bite for 2013 we use the SES-based bite for 2014. In general, the results using the SES-based bite confirm the presence of wage growth in the first quintile. For the OLS, the negative effect in the third quintile indicates compression of the hourly wage distribution. However, the fixed effects estimation indicates only wage growth in the first quintile without a compression effect.
<<Table 11 about here>> 20 Source: FDZ der StatistischenÄmter des Bundes und der Länder, Verdienststrukturerhebung, 2014.
Conclusion
This paper has assessed the short-term effects of Germany's minimum wage reform on the distribution of hourly wages, monthly earnings, and working hours. In January 2015, Germany introduced its first statutory minimum wage, with only a few legal exemptions. The new minimum wage was set at e8.50, exceeding the hourly wages of more than 10 percent of all eligible employees in 2014. We analyzed the implications of this major labor market intervention, which are particularly interesting in a G7 country like Germany.
As regards the reform's main aim, which was to increase hourly wages at the bottom of the wage distribution, our empirical data suggest that it was effective. In the low-wage segment, the descriptive analyses show an acceleration of wage growth in the first year after the reform and a clear reduction of wage inequality. A difference-in-differences analysis relying on the regional variation in treatment intensity as a source of identification provides supporting evidence. We find sizable positive treatment effects for the bottom quintile of the region-specific wage distributions. Yet our results show that the minimum wage reform has been more effective in altering contractual hourly wages than actual hourly wages. Furthermore, the reform did not improve monthly earnings for employees with low-paid jobs. This is due to the fact that although wages increased at the bottom of the wage distribution, most of those employees experienced an equiproportionate reduction of working hours. This finding is very similar to those from studies carried out in the United States (Neumark et al., 2004) .
Moreover, about seven percent of eligible employees still earned below the new wage floor in the first half of 2015. This might be due in part to measurement error in the underlying survey data and to the limited number of observations in some regions. However, the estimates also suggest another plausible explanation, which is simple non-compliance. Moreover, since this study only looks at the first six months after the introduction of the minimum wage, the process of implementing the wage floor was probably not yet completed, and employers and authorities were still making some adjustments. In 2015, checks by administrative officials to ensure compliance with the regulations were also relatively rare. Furthermore, it is argued that the lack of time-keeping and documentation regulations for employers posed problems for monitoring and enforcement.
Our analysis provides two important lessons for policymakers in Germany and in other countries as well. First, because of adjustments in working hours, an hourly minimum wage does not necessarily improve monthly earnings for employees with low pay, nor does it reduce their dependence on social transfers. A more effective instrument for achieving these objectives might be a monthly minimum wage. Second, a minimum wage can only produce its full desired effect if it is well-executed. In the German case, the short-run wage adjustments have not been high enough to reach the wage floor stipulated by law across the board. On the one hand, this is because high rates of non-compliance have hampered the aim of reducing the number of working poor. This is especially relevant in the area of flexible jobs such as "mini-jobs" that entail low bureaucratic costs and high potential for employers to circumvent the wage floor. On the other hand, non-compliance could also dampen reactions on the labor market. This is potentially part of the the reason why Garloff (2016) , Bossler and Gerner (2016) and Caliendo et al. (2017) report that the minimum-wage reform has had no or only minor negative employment effects in the short run. 
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B Construction of eligibility status from SOEP data
In order to identify respondents who are eligible for the minimum wage and divide them into sub-groups, we used the rich information from the SOEP questionnaire on current employment as well as employment history and age. Using this information, we derived a (mutually exclusive) labor market status for each respondent. Such a classification is undoubtedly a simplification of the number of possible labor market statuses observed in reality, but it is needed to operationalize the extent to which respondents are affected by the minimum wage reform. The labor market status was defined in several steps; the order is important as it mirrors the assumed dominance of the statuses over each other. As an example, we departed from the non-employment status, which by definition does not need any information from the survey questionnaire (Step 1). Then, in
Step 2 we employed survey information that helps to classify a respondent as a full-time employee, and, if all the imposed conditions were binding, the labor market status was updated from non-employed to full-time employment. Further, in
Step 12 we employed the information of the currently employed, but with the job that started less than 6 months ago and was preceded by an unemployment spell of more than 12 months. If these conditions were binding, then the labor market status received an additional update to exempt the formerly long-term unemployed.
Step 1: Non-employment. We started by declaring all respondents non-employed. Using additional information from the questionnaire, this status was over-written as follows.
Step 2: Full-time employment with social security. Respondents who fulfilled the following conditions: paid social security contributions (plb0022), not self-employed (plb0059, plb0060, plb0061, plb0062), working more than 30 hours by contract (plb0176, if this information was unavailable, we used actual hours worked plb0186).
Step 3: Part-time employment with social security. Respondents with social security contributions (plb0022), not self-employed, working 30 hours or less by contract (plb0176, if this information was unavailable, we used actual hours worked plb0186), aged 18 and older.
Step 4: Unemployed, not working. Registered unemployed (plb0021) with zero or missing information on wages or hours worked.
Step 5: Unemployed, working. Registered unemployed (plb0021) with either non-zero wages or hours worked.
Step 6: Mini-jobs. Marginally employed (plb0187), not registered as unemployed, and aged over 18.
